A gravel quarry near Edmonton, Alberta, Canada, yielded remains of micromammalian taxa not previously reported in the mid-Wisconsinan (late Pleistocene) interstadial ''local fauna.'' A left M1 and an upper incisor fragment of Lemmus trimucronatus and a left M2 of Dicrostonyx groenlandicus were recovered. These finds represent the 2nd Pleistocene record for Lemmus in Alberta, the 3rd for Dicrostonyx, and the 1st for both taxa from a northern Great Plains site. They help to fill distributional gaps between Beringia and the midcontinent. In association with those of large grazing megaherbivores, these new arvicoline finds support the inference of a cool, fairly dry steppe in central Alberta during the last interstadial.
In recent years, the late Pleistocene vertebrate fauna, geomorphology, and geochronology of Alberta, Canada, have become better understood with the publication of reports of fossil cave faunas from the Rocky Mountains (e.g., Burns 1991) and faunal accumulations (loosely termed faunas) derived from gravel quarry operations in several regions of the province (Burns 1996a (Burns , 1996b Burns and Young 1994; Young et al. 1994) . The earlier recoveries of Arctic taxa, such as Lemmus and Dicrostonyx, in the Alberta cave faunas stimulated interest partly because they began to fill the gaps in the faunal distribution record between the ice-free portions of Alaska and Yukon Territory (Eastern Beringia) and the unglaciated portions of the conterminous United States.
The 1st North American site reported to yield remains of Lemmus trimucronatus south of 608N was January Cave, a midWisconsinan site in the front ranges of the Rocky Mountains, 100 km SW of Calgary, Alberta (Burns 1980) . Known today as a taxon of Arctic and alpine tundras, L. trimucronatus was identified at the time as a member of a nonanalog fauna that included several ''strictly northern'' and ''strictly southern'' taxa (Burns 1984 (Burns , 1991 . Since that 1st report, L. trimucronatus has been identified in a full-glacial fauna from Iowa (Foley and Raue 1987) ; the type section of the Mill Creek Interstadial near Port Huron, Michigan (Karrow et al. 1997) ; and a midWisconsinan gravel pit near Edmonton, Alberta (this report).
The 4 occurrences ( Fig. 1) indicate a broad distribution of Lemmus during the late Pleistocene and suggest a heretofore unrecognized adaptability.
Several Dicrostonyx species have been reported in more than 25 sites across North America, about 20 of which lie south of 608N, well south of the present-day southern limits of the distribution of D. groenlandicus (Driver 1998; Faunmap Working Group 1994:665; Karrow et al. 1997; Mead and Mead 1989) . Previous to the Edmonton find, 2 localities were identified in southwestern Alberta, at January Cave and Eagle Cave in the Rocky Mountains (Burns 1984 (Burns , 1991 Fig. 1) .
This report assembles new and previously published data to better define the North American late Pleistocene distribution of the 2 lemming species, to indicate their high degree of ecological plasticity, and to underline the danger of ascribing too closely the characteristics of Recent taxa to fossil conspecifics.
MATERIALS AND METHODS
The new specimens consist of 3 teeth. They were recovered from Inland Aggregates Pit 48 (formerly Consolidated Concrete Ltd, Pit 48), 7 km NNE of Edmonton, Alberta, Canada (538389300N, 1138179000W; 617 m elevation). Fossiliferous gravels and sands occur in the area as fills in the buried valley of a former, late Pleistocene course of the North Saskatchewan River .
Pit 48 has been yielding mid-Wisconsinan fossils since at least 1989, when Mr. Gene Seal first brought specimens to the author for identification. In the summer of 1994, staff of the Provincial Museum of Alberta spent 2 weeks wet sieving silts, sands, and pea gravels from ;16 m below the surface through screens of 13-and 1-mm mesh size, using recycled water from the pit sump. Forceps were used to extract specimens from the concentrate. Mr. Seal collected bulk samples from Deposits in Pit 48 are composed of about 12 m of unconsolidated fluvial sediments that lie unconformably on Upper Cretaceous-age shale bedrock 18-20 m below the surface. They are overlain by a variable thickness of glacial till. The fluvial sediments lack igneous clasts of Canadian Shield origin, indicating that the till above represents the only glaciation in the Edmonton region .
A series of 20 conventional radiocarbon assays has been run on wood and on collagen derived from horse, bison, ground sloth, mammoth, and unspecified proboscidean bones J. A. Burns, in litt.) . Twelve finite dates from bones range from 40,770 to 25,700 years ago (normalized). Four dates from black spruce (Picea mariana) wood range from 40,670 to 32,500 years ago (normalized). The majority of the fossil collection was likely deposited during the ice-free mid-Wisconsinan interstadial interval (Oxygen Isotope Stage 3). Several of the dates exceeded the limits of the radiocarbon method, but none was younger than 25,700 years old. All specimens are reposited in the Quaternary Paleontology collection, Provincial Museum of Alberta.
RESULTS

Lemmus trimucronatus Richardson, 1825
Brown or Tawny Lemming
Referred specimens.-Molar fragment P94.1.989 is from a left M1, complete except for damage to the anterior loop and 1st lingual triangle (Fig. 2b) . Incisor fragment P94.1.998 is from a right I1, enamel portion only (Fig. 2f ) . The M1 consists of an anterior loop and 4 triangles (Fig. 2b) . The tooth has suffered some damage and possible acid etching, but, considering the fragile nature of arvicoline molars, the tooth is probably of local origin. Occlusal length is 2.53 mm and fits at the low end of a latitudinal size gradient that begins along the presumed periphery of its late Pleistocene range (Table 1) .
The incisor fragment (P94.1.998) is attributed to Lemmus because the cross-sectional profile (Fig. 2f) does not match any other Pleistocene or Recent North American arvicolines. The broad facet, running the length of the enamel at about 458 to the sagittal plane, occurs uniquely in Lemmus. The larger size of the tooth also eliminates many other arvicoline species from consideration. Mead and Mead (1989) .
I compared the enamel patterns of the fossil Lemmus trimucronatus M1 from Edmonton with left M1s of recent L. trimucronatus from the Northwest Territories, Canada, and recent northern bog lemming (Synaptomys borealis) from Alberta (Fig. 2) . The most trenchant and clear-cut character difference between the M1s of these 2 taxa is the location on the anterior loop where the 1st (lingual) triangle attaches to it. In S. borealis, the triangle connects to the rear of the anterior loop near the buccal margin of the loop, whereas in L. trimucronatus, the point of attachment is at or near the mesiodistal midline of the loop.
Dicrostonyx groenlandicus (Traill, 1823) Varying or Collared Lemming
Referred specimen.-Molar fragment P96.2.108 is from a left M1 (Fig. 2g) . The tooth is rootless and columnar and lacks cementum in the reentrant angles. It is complete except for the occlusal surface of the column that comprises the vestigial posterior loop; however, the anterior and posterior loops are intact and distinct at the open root end of the tooth. It possesses a normal anterior loop, 4 fully developed triangles, and a vestigial posterior loop. The latter consists of a distinct but poorly developed buccal triangle (loop shaped) and a short extension of the enamel that barely hints of a lingual triangle (Fig. 2g) . The only broadly similar tooth is the M2 of the meadow vole (Microtus pennsylvanicus), but in that species the M2 possesses only a vestigial lingual loop. Also, M. pennsylvanicus has only 3 triangles with cementum in the reentrant angles, whereas among North American arvicolines, only Dicrostonyx has 4, and they lack cementum (Figs. 2h and  2i) . Old World M. agrestis has vestigial loops, and some New World species of Microtus infrequently exhibit the feature (Zakrzewski 1985) , but they are not of concern here.
DISCUSSION
The comparatively small occlusal length of the M1 of the Edmonton Lemmus indicates that this species, which is typical of Arctic and alpine tundra environments, produces maximum tooth lengths in higher-latitude locales and minimum lengths in presumably less favorable conditions farther south. Such measurements suggest that the mid-Wisconsinan environment of Edmonton offered marginal habitat for Lemmus. The majority of the 23 vertebrate taxa identified from Pit 48 are grazing megaherbivores (J. A. Burns, in litt.), which suggests a cool, dry steppe with fairly abundant grasses, similar in some respects to the ''mammoth steppe'' of Eastern Beringia during the full-glacial interval (Guthrie 1982) .
In British Columbia, the brown lemming prefers grassy slopes in the treeless alpine areas (Banfield 1974; Cowan and Guiguet 1965; Sheldon 1932) . The summer diet of Lemmus in the eastern Canadian Arctic consists of about 88% graminoids and 12% mosses, and the winter diet is virtually the reverse Lewis 1985, 1986 , and references therein). In Scandinavia, L. lemmus moves down into subalpine forest in years of high-density populations, and L. amurensis of eastern Siberia is found in mountainous and boggy habitats. Drowned L. trimucronatus (reported as L. sibiricus) were found in westcentral Alberta in a small lake adjacent to a dwarf shrub-sedge meadow in subalpine forest (Smith and Edmonds 1985) .
Lemmus trimucronatus, reported as L. sibiricus, from the mid-Wisconsinan fauna at January Cave in the Alberta Rocky Mountains inhabited alpine tundra (Burns 1991) , but in the Edmonton region (according to the present study), a cool, dry grassland biome is indicated for Lemmus and the associated megaherbivores. These habitats apparently provided adequate, if limited, food resources. It appears that Lemmus is capable of occupying a wide variety of habitats. The pronounced rarity of Lemmus fossils south of 608N may be due partly to reduced availability of preferred forage plants Lewis 1985, 1986 ), which in turn may have been due to drier habitat. Also, competition with southern species may have been a factor.
The postglacial dispersal of Lemmus has been discussed previously (Burns 1980) . Distribution patterns of L. trimucronatus subspecies in alpine-subalpine central British Columbia (Cowan and Guiguet 1965) suggest that southward dispersal from Beringia may have met with northward movement from periglacial areas of Alberta and the northwestern United States. Foley and Raue (1987) considered the Prairieburg site in Iowa to have been occupied during full-glacial conditions because the fauna is similar to dated, full-glacial faunas from the Conklin Quarry and Elkader sites, also in Iowa. A comparison of Prairieburg with the 3 other Lemmus localities for species with northern affinities (Table 2) is instructive, as all the other sites are verifiably interstadial.
Effects of elevation and latitude on the biota are broadly predictable in this instance. The 2 montane Lemmus sites in Alberta-January Cave and Willmore Park-are located at 508119N (2,040 m elevation) and 538329N (1,500 m elevation), respectively. Pit 48 in Edmonton (538389N, 617 m elevation) is likely close to the southern periphery of lemming range on the Dicrostonyx is a polytypic genus (Musser and Carleton 1993) , but many of the late Pleistocene and Recent species cannot be differentiated confidently on the basis of morphology of isolated teeth. It has been conventional to assign radiocarbon-datable (,50,000-year-old) specimens from western Canada, possessing both lingual and buccal vestigial triangles distally on the M1 and M2, to D. torquatus, but recent usage suggests assignment to D. groenlandicus.
Summer food of these tundra dwellers consists of grasses, sedges, and berries, and in winter they eat willow buds and bark (Banfield 1974) . Summer habitat in the Arctic is mostly elevated, dry tundra (Fuller et al. 1975; Parker 1974) , but overpopulation may force the animals into lower, wetter areas and competition with L. trimucronatus. In winter, Dicrostonyx survives in subnivean passages under deep accumulations of snow (Fuller et al. 1975 ).
An early postglacial record of D. groenlandicus (Driver 1998) is particularly noteworthy because of its age and to its being the most northerly collection of specimens south of 608N. If we accept that Dicrostonyx is an obligate Arctic tundra dweller, its occurrence at Charlie Lake Cave in east-central British Columbia suggests a cool, dry local environment at about 10,800 years ago. Geomorphological and paleontological studies in the region near Grande Prairie, Alberta, 180 km SSE of Charlie Lake Cave (R. R. Young, in litt.), suggest that the earliest dates for Charlie Lake Cave (i.e., 10,770 years ago) postdates local deglaciation by perhaps only 600-700 years. Local habitat must have provided, at least marginally, for the dietary needs of the Arctic-adapted Dicrostonyx prior to 10,800 years ago. Care must be exercised in attributing biological characteristics of a Recent taxon to a Pleistocene conspecific because the inferred paleoenvironmental data suggest greater variability in habitat and food preferences than is exhibited by these lemmings today. Also, it does not take into account variation in the availability of suitable forage species under unstable conditions during the mid-Wisconsinan interstadial.
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